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Photo-induced Floquet Weyl magnons in noncollinear antiferromagnets
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We study periodically driven insulating noncollinear stacked kagome antiferromagnets with a
conventional symmetry-protected three-dimensional (3D) in-plane 120◦ spin structure, with either
positive or negative vector chirality. We show that the symmetry protection of the in-plane 120◦
spin structure can be broken in the presence of an off-resonant circularly or linearly polarized
electric field propagating parallel to the in-plane 120◦ spin structure (say along the x direction).
Consequently, topological Floquet Weyl magnon nodes with opposite chirality are photoinduced
along the kx momentum direction. They manifest as the monopoles of the photoinduced Berry
curvature. We also show that the system exhibits a photoinduced magnon thermal Hall effect
for circularly polarized electric field. Furthermore, we show that the photoinduced chiral spin
structure is a canted 3D in-plane 120◦ spin structure, which was recently observed in the equilibrium
noncollinear antiferromagnetic Weyl semimetals Mn3Sn/Ge. Our result not only paves the way
towards the experimental realization of Weyl magnons and photoinduced thermal Hall effects, but
also provides a powerful mechanism for manipulating the intrinsic properties of 3D topological
antiferromagnets.
I. INTRODUCTION
In recent years, the Floquet engineering of topologi-
cally nontrivial systems from topologically trivial ones
has attracted considerable attention in electronic sys-
tems [1–23]. However, its application to realistic three-
dimensional (3D) materials is very limited. To our knowl-
edge, a photoinduced Floquet Weyl semimetal has only
been created in the non-magnetic 3D Dirac semimetal
Na3Bi [18]. In the electronic Floquet topological systems,
the intensity of light is characterized by a dimensionless
quantity given by [1–5]
Ei = eEia~ω , (1)
where Ei (i = x, y, z) are the amplitudes of the electric
field, e is the electron charge, ω is the angular frequency
of light, a is the lattice constant, and ~ is the reduced
Plank’s constant. In the magnetic bosonic Floquet topo-
logical systems, however, the intensity of light is charac-
terized by a dimensionless quantity given by [24]
Ei = gµBEia~c2 , (2)
where g is the Landé g-factor, µB is the Bohr magneton,
and c is the speed of light. The lack of frequency depen-
dence in Eq. (2) unlike in Eq. (1) is because it originates
from the Aharonov-Casher phase [25], which is a topolog-
ical phase acquires by a neutral particle with magnetic
dipole moment (such as magnon) in the presence of an
electric field. By equating the two dimensionless quan-
tities we can see that the spin magnetic dipole moment
gµB carried by magnon in the periodically driven insu-
lating magnets is given by
gµB =
ec2
ω
=
ecλ
2pi
. (3)
Therefore for an experimentally feasible light wavelength
λ of order 10−8m, the spin magnetic dipole moment gµB
carried by magnon in the periodically driven insulating
magnets is comparable to the electron charge e. This
shows that the electronic Floquet topological systems [1–
5] are indeed similar to the magnetic bosonic Floquet
topological systems recently studied in insulating ferro-
magnets with finite magnetization [24, 26–28]. In mag-
netic systems, however, the Floquet physics can reshape
the underlying spin Hamiltonian to stabilize magnetic
phases and provides a promising avenue for inducing and
tuning topological spin excitations in trivial quantum
magnets [24, 26, 27], as well as photoinduced topologi-
cal phase transitions in intrinsic topological magnon in-
sulators [28]. This formalism provides a direct avenue of
generating and manipulating ultrafast spin current using
terahertz radiation [29].
Interesting features are expected to manifest in pe-
riodically driven insulating antiferromagnets with zero
net magnetization. Recently, the equilibrium topolog-
ical aspects of 3D insulating antiferromagnets includ-
ing Weyl magnons and topological thermal Hall effects
have attracted considerable attention [30–37]. They can
be induced from 3D noncollinear spin structure by ap-
plying an external magnetic field or including an in-
plane Dzyaloshinskii-Moriya interaction (DM) interac-
tion [38, 39]. For the stacked kagome antiferromagnets,
the equilibrium Weyl magnon nodes are acoustic and
they results from a noncoplanar spin structure with a
nonzero scalar spin chirality, which breaks time-reversal
symmetry macroscopically [32]. The question that re-
mains is whether there is an alternative source to induce
Weyl magnons and thermal Hall effect in 3D insulating
noncollinear antiferromagnets.
In this paper, we provide an alternative avenue to in-
duce acoustic Weyl magnon nodes and magnon thermal
Hall effect in 3D noncollinear kagome antiferromagnets.
We study periodically driven symmetry-protected 3D in-
plane 120◦ spin structure with either positive or negative
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FIG. 1. Color online. Schematic of the topological phase
diagram in periodically driven noncollinear kagome antiferro-
magnets as a function of the light intensity and the antiferro-
magnetic interlayer coupling. There are five identified phases.
For negligible antiferromagnetic interlayer coupling Jc/J  1
there are two phases labeled as I and II corresponding to
photoinduced 2D topological magnon insulator (TMI) and
undriven 2D Dirac magnon at zero oscillating electric field
respectively. For non-negligible antiferromagnetic interlayer
coupling 0 < Jc/J ≤ 1 there are three phases labeled as III,
IV , and V corresponding to photoinduced 3D trivial magnon
insulator, undriven 3D nodal line magnon at zero oscillating
electric field, and photoinduced 3D Weyl magnon (WM) re-
spectively.
vector chirality in the stacked kagome-lattice antiferro-
magnets. The photoinduced topological phase diagram of
the model is schematically shown in Fig. (1). In the main
paper, we consider regions IV and V when the antifer-
romagnetic interlayer coupling is not negligible. The 2D
phases for negligible interlayer coupling will be studied
in the appendix. The 3D nodal line magnons and triply-
degenerate nodal magnon points are present at zero light
intensity in the in-plane 120◦ spin structure. They are
protected by crystal and time-reversal symmetries of the
kagome lattice [32]. As the periodic drive is turned on
parallel to the in-plane 120◦ spin structure, we show that
its symmetry protection is broken by the laser field.
As a result, we obtain non-degenerate magnon
quasienergy linear band crossings, which form topological
Floquet Weyl magnon nodes with opposite chirality along
the kx direction on the kz = pi plane. The photoinduced
topological Floquet Weyl magnon nodes are present for
both linearly- and circularly-polarized light. However,
we show that the photoinduced thermal Hall effect which
characterizes a measurable topological magnon transport
property of the system is only present for circularly-
polarized light. This means that the thermal Hall trans-
port for linearly-polarized light is topologically trivial.
We also show that the photoinduced chiral spin structure
is the canted 3D in-plane 120◦ spin structure in analogy
to the chiral spin structure recently observed in the non-
collinear antiferromagnetic Weyl semimetals Mn3Sn/Ge
[48–51]. Therefore, the current results are different from
the equilibrium Weyl magnons induced by noncoplanar
spin structure with a nonzero scalar spin chirality [32].
Our results provide a powerful mechanism for manipu-
lating the intrinsic properties of insulating geometrically
frustrated kagome antiferromagnets such as jarosites [40],
herbertsmithite [41], and Cd-kapellasite [42].
II. TIME-INDEPENDENT NONCOLLINEAR
KAGOMÉ ANTIFERROMAGNETS
A. Heisenberg spin model
We study stacked frustrated kagomé antiferromagnets
governed by the microscopic Heisenberg spin Hamilto-
nian
H = J
∑
〈ij〉,`
~Si,` · ~Sj,` +
∑
〈ij〉,`
~Dij · ~Si,` × ~Sj,`
+ Jc
∑
i,〈``′〉
~Si,` · ~Si,`′ , (4)
where i and j denote the sites on the kagomé layers, `
and `′ label the layers. The first term corresponds to
the nearest-neighbour (NN) antiferromagnetic intralayer
Heisenberg interaction. The second term is the out-of-
plane ( ~Dij = ±Dz zˆ) DM interaction due to lack of inver-
sion symmetry between two sites on each kagomé layer.
The DM interaction alternates between the triangular
plaquettes of the kagomé lattice as shown in Figs. (2)(a)
and (b). It also stabilizes the conventional 3D in-plane
120◦ non-collinear spin structure. Its sign determines the
vector chirality of the non-collinear spin order [43]. The
third term is the NN interlayer antiferromagnetic Heisen-
berg interaction between the kagomé layers.
B. Symmetry protection of the conventional
in-plane 120◦ spin structure
As explicitly discussed in ref. [32], the conventional
3D in-plane 120◦ spin structure preserves all the symme-
tries of the kagomé lattice. In particular, the combina-
tion of time-reversal symmetry (denoted by T ) and spin
rotation denoted by Rz(pi) is a good symmetry, where
Rz(pi) = diag(−1,−1, 1) denotes a pi spin rotation of the
in-plane coplanar spins about the z-axis, and ‘diag’ de-
notes diagonal elements. In addition, the system also
has three-fold rotation symmetry along the z direction
denoted by C3. The combination of mirror reflection sym-
metry of the kagome plane about the x or y axis and T
(i.e. TMxT orMyT ) is also a symmetry of the conven-
tional in-plane 120◦ non-collinear spin structure. These
symmetries are known as the “effective time-reversal sym-
metry” [44, 45], and they lead to protection of nodal-line
magnons and triply-degenerate nodal magnon points in
3(a)
FIG. 2. Color online. Top panel. Top view of congruently
stacked noncollinear kagome antiferromagnets along the (001)
direction. The conventional in-plane 120◦ non-collinear spin
configuration is indicated by the blue arrows. The in-plane
unit vectors are a1 = (1, 0, 0) and a2 = (1/2,
√
3/2, 0). The
unit vector along the stacking direction az = (0, 0, 1) is not
depicted. The mirror reflection axes (dotted lines) and the di-
rection of the alternating DM interaction (crossed and dotted
circles) are indicated. (a) Positive vector chirality for Dz < 0.
(b) Negative vector chirality for Dz > 0. Bottom panel. The
Brillouin zone (BZ) of the hexagonal lattice. (c) The bulk
BZ with indicated high-symmetry points. (d). The (001) sur-
face BZ with 3 pairs of Floquet Weyl points with opposite
chiralities (red and pink dots) along the kx direction.
the conventional 3D in-plane 120◦ spin structure of the
stacked kagome antiferromagnets. The goal of this pa-
per is to periodically drive these trivial magnon phases
to a topological Floquet Weyl magnon phase without the
effects of an external magnetic field or an in-plane DM
interaction.
III. TIME-DEPENDENT NONCOLLINEAR
KAGOMÉ ANTIFERROMAGNETS
In this section, we will study regions IV and V in
Fig. (1).
A. Theoretical formulation
The concept of periodically driven magnetic insula-
tors rely on the spin magnetic dipole moments carried
by the underlying magnon excitations as previously in-
troduced in quantum ferromagnets [24, 26, 28]. In other
words, charge-neutral bosonic quasiparticles can interact
with an electromagnetic field through their spin magnetic
dipole moment. The corresponding time-dependent ver-
sion of the Aharonov-Casher phase [25] emerges explic-
itly from quantum field theory with the Dirac-Pauli La-
grangian [26, 28]. We take the spin magnetic dipole mo-
ment carried by magnons to be along the in-plane order-
ing direction ~µ = gµBxˆ. In the presence of an oscillating
electric field ~E(τ) propagating along the in-plane x direc-
tion, magnons accumulate the time-dependent version of
the Aharonov-Casher phase, given by
Φij(τ) = µm
∫ ~rj
~ri
~Ξ(τ) · d~`, (5)
where µm = gµB/~c2. We have used the notation
~Ξ(τ) = ~E(τ)× xˆ for brevity, where ~E(τ) = −∂τ ~A(τ) and
~A(τ) is the time-periodic vector potential. It is important
to note that the magnon accumulated time-dependent
version of the Aharonov-Casher phase in Eq. (5) is dif-
ferent from that of static time-independent electric field
[46, 47] for which the relations in Eqs. (2) and (3) do
not apply. For light propagating along the in-plane x di-
rection perpendicular to the y − z plane, we choose the
time-periodic vector potential such that
~Ξ(τ) =
[
0, Ey sin(ωτ), Ez sin(ωτ + φ)
]
, (6)
where φ is the phase difference. Circularly-polarized
electric field corresponds to φ = pi/2, whereas linearly-
polarized electric field corresponds to φ = 0 or pi.
B. Effective spin Hamiltonian
In the absence of an in-plane DM interaction and an
external magnetic field, the positive and negative vec-
tor chiralities in Figs. (2)(a) and (b) essentially yield the
same magnon dispersions, when an appropriate spin ro-
tation is performed. In fact, both spin configurations
in Figs. (2)(a) and (b) are related by two-fold rotation
about the y-axis. Therefore, we will restrict our study
to the positive vector chirality, and rotate the coordinate
axis about the z-axis by the spin orientation angles θi,`
Sxi,` = cos θi,`S
′x
i,` − sin θi,`S′yi,`, (7)
Syi,` = sin θi,`S
′x
i,` + cos θi,`S
′y
i,`, (8)
Szi,` = S
′z
i,`, (9)
where θi,` = 0, 2pi/3,−2pi/3 for spins on sublattice
A,B,C respectively as denoted in Fig. (2)(a). The prime
denotes the rotated coordinate. We choose the spin quan-
tization axis along the x-axis such that S′±i,` = S
′y
i,`± iS′zi,`
are the raising and lowering operators.
After substituting the spin transformation into Eq. (4),
the time-dependent phase in Eq. (5) couples to the
spin Hamiltonian through the off-diagonal terms such
as
(
S+′i,`S
−′
j,`e
iΦij,`(τ) + H.c.
)
and
(
S+′i,`S
+′
j,`e
iΦij,`(τ) + H.c.
)
4for the intralayer in-plane spin interactions, as well as(
S+′i,`S
−′
i,`′e
iΦi,``′ (τ) + H.c.
)
and
(
S+′i,`S
+′
i,`′e
iΦi,``′ (τ) + H.c.
)
for the interlayer spin interaction. In the off-resonant
limit when the photon energy ~ω is greater than the
energy scale of the undriven system, the effective static
Hamiltonian is given by [5] Heff ≈ H0 + ∆Heff , where
∆Heff =
[H1,H−1]/~ω is the photon emission and ab-
sorption term andHn = 1T
∫ T
0
dτe−inωτH(τ) is the multi-
photon Fourier components with period T = 2pi/ω. The
first term H0 is the original static spin Hamiltonian with
renormalized spin interactions, whereas the second term
∆Heff breaks time-reversal symmetry by inducing addi-
tional spin interactions via photon absorption and emis-
sion process. For simple spin model such as the Heisen-
berg ferromagnet the effective spin Hamiltonian can be
derived explicitly [24]. An alternative approach to mag-
netic Floquet physics is to consider the charge degree of
freedom through the Peierls phase in the Hubbard model,
which also maps to a renormalized effective spin model
in the off-resonant limit [22, 23]. This approach, how-
ever, does not explicitly show how the spins couple to
the laser electric field in insulating magnets with charge
neutral excitation. Due to the complexity of the present
model, the explicit derivation of the effective spin Hamil-
tonian in the off-resonant limit is very cumbersome.
C. Bosonic Bogoliubov-de Gennes Hamiltonian
Our main objective is to study the effects of light on the
magnon band structure of 3D non-collinear antiferrmag-
nets. Hence, it is advantageous to use linear spin wave
theory via the implementation of the linearized Holstein-
Primakoff transformation
S′xi,` = S − a†i,`ai,`, S′+i,` ≈
√
2Sai,` = (S
′−
i,`)
†, (10)
where a†i,`(ai,`) are the bosonic creation (annihilation)
operators. By substituting the Holstein-Primakoff trans-
formation directly into the resulting time-dependent spin
Hamiltonian H(τ), the corresponding time-dependent
linear spin-wave Hamiltonian is given by
H(τ) = JS
∑
〈ij〉,`
[
t0(a
†
i,`ai,` + a
†
j,`aj,`) + t1(a
†
i,`aj,`e
iΦij,`(τ) + H.c.) + t2(a
†
i,`a
†
j,`e
iΦij,`(τ) + H.c.)
]
+ JcS
∑
i,〈``′〉
[(
a†i,`ai,` + a
†
i,`′ai,`′
)
+ (a†i,`a
†
i,`′e
iΦi,``′ (τ) + H.c.)
]
, (11)
where t0 = (1+
√
3Dz/J)/2; t1 = (1−
√
3Dz/J)/4; t2 =
(3 +
√
3Dz/J)/4. The hopping terms acquire a time-
dependent phase factor by virtue of the Peierls sub-
stitution as discussed above. The corresponding time-
dependent bosonic Bogoliubov-de Gennes (BdG) Hamil-
tonian is given by
H(τ) = 1
2
∑
~k
(
u†(~k), u(−~k)) · H(~k, τ) · ( u(~k)
u†(−~k)
)
,
(12)
where u†(~k) =
(
a†~kA, a
†
~kB
, a†~kC
)
is the basis vector.
H(~k, τ) = 2JS
(Gd(~k, τ) Go(~k, τ)
Go(~k, τ) Gd(~k, τ)
)
. (13)
The 3× 3 matrices are given by
Gd(~k, τ) = Λ0 + t1Λ(~k‖, τ), (14)
Go(~k, τ) = t2Λ(~k‖, τ) + tcΛz(kz, τ), (15)
where tc = Jc/J . The Λ matrices are given by
Λ0 =
(
2t0 + tc
)
I3×3, Λz(kz, τ) = cos kz(τ)I3×3, (16)
Λ(~k‖, τ) =
 0 γAB(k‖, τ) γCA(k‖, τ)γ∗AB(k‖, τ) 0 γBC(k‖, τ)
γ∗CA(k
‖, τ) γ∗BC(k
‖, τ) 0
 ,
(17)
where
γAB(k
‖, τ) = cos k‖1(τ), (18)
γBC(k
‖, τ) = cos k‖2(τ), (19)
γCA(k
‖, τ) = cos k‖3(τ), (20)
with ki(τ) = ki + µmΞ(τ) and k
‖
i =
~k · ~ai, with ~a1 =
a
(
xˆ/2 +
√
3yˆ/2
)
, ~a2 = axˆ, and ~a3 = ~a1 − ~a2.
D. Bosonic Floquet-Bloch theory
The Floquet theory is a powerful mechanism to study
periodically driven quantum systems. In this formal-
ism we can transform the time-dependent bosonic BdG
Hamiltonian H(~k, τ) into a static effective Hamiltonian
governed by the Floquet bosonic BdG Hamiltonian. To
do this we expand the time-dependent bosonic BdG
5FIG. 3. Color online. (a) The magnon band structures of undriven 3D noncollinear kagome antiferromagnet showing a
coexistence of 3D nodal-line magnons and triply-degenerate nodal magnon points for S = 1/2, Dz/J = 0.2, Jc/J = 0.5,
Ey = Ez = 0. The black circles denote the nodal-line magnon (NLM) nodes. The magnon band crossing along A–Γ line
form triply-degenerate nodal magnon points. Inset shows the 3D magnon bands on the ky = 0 plane. (b) The magnon
quasienergy bands in the periodically driven 3D noncollinear kagome antiferromagnet for S = 1/2, Dz/J = 0.2, Jc/J = 0.5,
Ey = Ez = 1, φ = pi/2 or φ = 0, and ω/J = 10. The red circles denote the photoinduced Floquet Weyl magnon (FWM)
nodes at the acoustic branch. Inset shows the 3D topological Floquet Weyl magnon nodes on the kz = pi plane. There are 3
pairs of Floquet Weyl magnon nodes with opposite chiralities on the kz = pi plane located at ~kQ1 =
[ ± cos−1(Q1), 0, pi] and
~kQ2 =
[±cos−1(Q2),±pi/3, pi]. In addition, please note that the incident light breaks U(1) spin rotation and lifts the Goldstone
modes at the Γ point.
Hamiltonian as
H(~k, τ) =
∞∑
n=−∞
einωτHn(~k), (21)
where Hn(~k) = 1T
∫ T
0
e−inωτH(~k, τ)dτ = H†−n(~k) are the
Fourier components. The corresponding eigenvectors can
be written as |ψn′(~k, τ)〉 = e−in′ (~k)τ |χn′(~k, τ)〉 , where
|χn′(~k, τ)〉 = |χn′(~k, τ + T )〉 =
∑
n e
inωτ |χnn′(~k)〉 is the
time-periodic Floquet-Bloch wave function of magnons
and n′(~k) are the magnon quasienergy bands. We define
the Floquet operator as HF (~k, τ) = H(~k, τ) − i∂τ . The
corresponding eigenvalue equation is of the form∑
m
[Hn−m(~k) +mωδn,m]χmn′(~k) = n′(~k)χnn′(~k). (22)
The Fourier components of the Floquet bosonic BdG
Hamiltonian are given by
Hq(~k) = 2JS
(
Gdq (~k) Goq (~k)
Goq (~k) Gdq (~k)
)
, (23)
where q = n−m ∈ Z. The 3× 3 matrices are given by
Gdq (~k) = Λ0δq,0 + t1Λq(~k‖), (24)
Goq (~k) = t2Λq(~k‖) + tcΛzq(kz). (25)
The Λq matrices are given by
Λzq(kz) =
1
2
(
Λ˜zq(kz) + Λ˜
z∗
−q(kz)
)
I3×3, (26)
Λq(~k
‖) =
1
2
(
Λ˜q(~k
‖) + Λ˜∗−q(~k
‖)
)
, (27)
where
Λ˜zq(kz) = Jq(Ez)eikzeiqφ, (28)
Λ˜q(~k
‖) =
 0 fq,AB fq,CAf∗q,AB 0 fq,BC
f∗q,CA f
∗
q,BC 0
 , (29)
with
fq,AB = Jq(
√
3Ey/2)eik
‖
1 , (30)
fq,BC = δq,0e
ik
‖
2 , (31)
fq,CA = Jq(
√
3Ey/2)eik
‖
3 . (32)
Here Jq(x) is the Bessel function of order q. The intensity
of light in the magnonic Floquet formalism is character-
ized by the dimensionless quantity Ei given by Eq. (2).
IV. HIGH-FREQUENCY LIMIT
We will study the off-resonant limit ~ω  J,Dz, Jc,
when the system can be described by an effective time-
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FIG. 4. Color online. Top panel. Photoinduced Berry curvature monopoles of the acoustic topological Floquet Weyl magnon
nodes on the kz = pi plane for (a) linearly-polarized light φ = 0 and (b) circularly-polarized light φ = pi/2. Bottom panel. (c)
The Floquet Chern number of the acoustic magnon quasienergy band as function of kx for circularly-polarized light φ = pi/2. (d)
(010)-surface magnon quasienergy band structure along a line connecting a pair of Floquet Weyl magnon nodes with opposite
chirality for circularly-polarized light φ = pi/2 at kz = pi. The parameters are S = 1/2, Dz/J = 0.2, Jc/J = 0.5, Ey = Ez = 1
and ω/J = 10.
independent Hamiltonian [8, 12], given by
Heff (~k) = H0(~k)− 1~ω
[H−1(~k),H1(~k)]. (33)
As we mentioned above, in terms of the original spin op-
erators, the first term is the original static spin model
with renormalized interactions, whereas the second term
breaks time-reversal symmetry by inducing additional
spin interactions. The effective Floquet bosonic BdG
HamiltonianHeff (~k) can be diagonalized numerically us-
ing the generalized Bogoliubov transformation. To do
this, we make a linear transformation ψ(~k) = P(~k)M(~k),
where P(~k) is a 2N × 2N paraunitary matrix defined as
P(~k) =
(
u~k −v∗~k−v~k u∗~k
)
, (34)
where u~k and v~k are N × N matrices that satisfy the
relation
|u~k|2 − |v~k|2 = IN×N . (35)
The quasiparticle operators are given by M†(~k) =(
m†(~k), m(−~k)) with m†(~k) = (b†~kA, b†~kB , b†~kC). The pa-
raunitary operator P(~k) satisfies the relations
P†(~k)Heff (~k)P(~k) = E (~k), P†(~k)τ3P(~k) = τ3, (36)
where
E (~k) =
(
n(~k) 0
0 n(−~k)
)
, τ3 =
(
IN×N 0
0 −IN×N
)
.
(37)
Using Eq. (36), we see that the Hamiltonian to be diag-
onalized is HBeff (~k) = τ3Heff (~k), whose eigenvalues are
given by τ3E (~k) and the columns of P(~k) are the corre-
sponding eigenvectors.
7FIG. 5. Color online. Photoinduced Floquet thermal Hall conductivity κxyz in the (a) φ – E plane for T/J = 0.35, (b) as
a function of light intensity Ey = Ez for φ = pi/2, and (c) as a function of phase difference φ for Ey = Ez = 1. The other
parameters are S = 1/2, Dz/J = 0.2, Jc/J = 0.5 and ω/J = 10.
A. Photoinduced Floquet Weyl magnon bands
In Fig. (3)(a) we have shown the undriven (i.e. Ey =
Ez = 0) magnon bands of 3D noncollinear spin structure
in the kagome antiferromagnets along the BZ paths de-
picted in Fig. (2)(c). The system possesses nodal line
magnon at the A point and along the lines Γ–K and K–
H. There also exists a triply-degenerate nodal magnon
points along the line A–Γ where three magnon branches
linearly cross each other. The details of these magnon
nodal line phases have been previously discussed [32],
and they are protected by the crystal symmetry of the
kagome lattice as discussed in Sec. (II B). As the periodic
drive is turned on, we expect the symmetry protection of
the nodal line magnons to be broken by the light inten-
sity.
Indeed, in Fig. (3)(b) we can see that the nodal line
magnons at the A point is split into six Floquet Weyl
magnon (Floquet Weyl magnon) nodes (only two are
independent) located along the kx direction at ~kQ1 =[ ± cos−1(Q1), 0, pi] and ~kQ2 = [ ± cos−1(Q2),±pi/3, pi].
Due to the complexity of this model we could not find
an explicit analytical form for Q1 and Q2. There are 3
pairs of Floquet Weyl magnon nodes with opposite chi-
ralities on the kz = pi plane as indicated in Fig. (2)(d).
The triply-degenerate nodal magnon points along the A–
Γ line is also split into two Floquet Weyl magnon nodes
along the kz direction. In contrast to 2D systems, we find
that both linearly-polarized lights (φ = 0 and φ = pi) and
circularly-polarized lights (φ = pi/2) break time-reversal
symmetry and induce Floquet Weyl magnon nodes in the
3D system. The reason is because the y and z directions
are not symmetric in the present system. However, as we
will show in the subsequent section, the Floquet magnon
thermal transports for circularly-polarized light is topo-
logically nontrivial, whereas those for linearly-polarized
light is topologically trivial. We also note that the inci-
dent light breaks U(1) spin rotation and lifts the Gold-
stone modes at the Γ point as shown in Fig. (3)(b).
B. Photoinduced Berry curvature
Usually, the analysis of the band structure is not suffi-
cient to proof that a non-degenerate linear band crossing
in 3D system forms topological Weyl nodes. The ex-
istence of topological Weyl nodes can be reinforced by
computing the Berry curvature of the linear band cross-
ing. Topological Weyl nodes act as the source and sink of
the Berry curvature. This implies that a single Weyl node
can be considered as the monopole of the Berry curva-
8ture. Using the paraunitary operator, we can define the
photoinduced Floquet Berry curvature as
Ωγαβ,n(
~k) = −2Im
∑
m6=n
[ 〈P~kn|vˆα|P~km〉 〈P~km|vˆβ |P~kn〉 ][
m(~k)− n(~k)
]2 ,
(38)
where vˆα = ∂HBeff (~k)/∂kα defines the photoinduced ve-
locity operators with α, β, γ = x, y, z and n labels the
Floquet magnon branches. The photoinduced Berry cur-
vature can be considered as a 3-pseudo-vector pointing
along the γ directions perpendicular to both the α and β
directions. It diverges at the photoinduced Floquet Weyl
magnon nodes as can been seen from the denominator of
Eq. (38).
In Fig. (4)(a) and Fig. (4)(b) we have shown the pho-
toinduced Berry curvature Ωzxy,1(~k) in the kz = pi plane
for the acoustic Floquet magnon band. Indeed, we can
see that the topological Floquet Weyl magnon nodes at
~kQ1 and ~kQ2 are the monopoles and anti-monopoles of the
Floquet Berry curvature for both linearly- and circularly-
polarized lights.
Along the line H–A there are two independent Floquet
Weyl points located at ±kcx. For the 2D planes for fixed
kx 6= ±kcx the system is gapped and can be considered
as a Floquet Chern insulator. Hence, we can define the
Floquet Chern number for fixed kx as
CFn (kx) =
1
2pi
∫
BZ
dkydkz Ω
x
yz,n(kx, ky, kz). (39)
In Fig. (4)(c) we have shown the plot of the Flo-
quet Chern number of the acoustic magnon quasienergy
branch as a function of kx for circularly-polarized light
φ = pi/2. We can see that CF = 0 for planes with
kx < −kcx or kx > kcx, while CF = 2 for planes with−kcx <
kx < k
c
x. This implies that the magnon quasienergy band
crossing between the planes with CF = 2 and CF = 0 are
indeed Floquet Weyl points.
One of the hallmarks of equilibrium Weyl semimetals
is the formation of Fermi arcs which connect the sur-
face projection of the Weyl points in the BZ. Indeed, as
shown in Fig. (4)(d) we can see that the (010)-projected
Floquet Weyl magnon points with opposite chirality are
connected by Floquet magnon arc surface states. These
hallmark properties of equilibrium Weyl semimetals con-
firm that the non-degenerate magnon quasienergy linear
band crossings in the present system are indeed topolog-
ical Floquet Weyl magnon points.
C. Photoinduced thermal Hall effect
Another hallmark of equilibrium Weyl semimetals is
the appearance of the anomalous Hall effect. For magnon
quasiparticles with no charge, the corresponding trans-
port property is the anomalous thermal Hall effect in
the presence of a temperature gradient [52–56]. In the
nonequilibrium system, it is customary to assume the
limit in which the occupation function of the quasiparti-
cle exciations is close to equilibrium. Therefore, we can
write the photoinduced thermal Hall conductivity in the
usual form [54]
κγαβ = −kBT
∫
BZ
d~k
(2pi)3
N∑
n=1
c2
(
fBn
)
Ωγαβ,n(
~k), (40)
where fBn =
(
en(
~k)/kBT − 1)−1 is the Bose occupation
function close to equilibrium, kB the Boltzmann constant
which we will set to unity, T is the temperature and
c2(x) = (1 + x)
(
ln 1+xx
)2 − (lnx)2 − 2Li2(−x) weight
function with Li2(x) being the dilogarithm.
In Fig. (5) we have shown the trends of the photoin-
duced thermal Hall conductivity κxyz in the φ – E plane
at T/J = 0.35 (a), as a function of Ey = Ez (b), and as a
function of φ (c) for T/J = 0.3, 0.35, 0.4. In Fig. (5)(b),
we can see that κxyz vanishes in the limit of undriven
system Ey = Ez = 0. This is due to the presence of
time-reversal symmetry in the undriven in-plane 120◦
spin structure, which leads to zero Berry curvature. Al-
though the photoinduced Berry curvature of the Floquet
Weyl points is nonzero for linearly-polarized light φ = 0
or φ = pi, we can see in Fig. (5)(c) that κxyz vanishes at
φ = 0 and φ = pi. Therefore, the Floquet magnon ther-
mal transports for linearly-polarized light is topologically
trivial.
D. Photoinduced chiral spin structure
We would like to address the nature of the photoin-
duced spin structure that gives rise to the topological
magnon properties in this system. It is evident that in
the periodically driven 3D non-collinear kagome antifer-
romagnets, there is no photoinduced noncoplanar spin
structure with nonzero scalar spin chirality. This is be-
cause light propagates parallel to the in-plane 120◦ spin
structure (i.e. along the in-plane x direction). Therefore,
the topological Floquet Weyl magnons can only origi-
nate from a photoinduced canted in-plane 120◦ chiral
spin structure with no finite scalar spin chirality, but
time-reversal symmetry is broken through the second
term in Eq. (33). We note that the intrinsic equilibrium
form of this canted in-plane 120◦ chiral spin structure
was observed recently in the electronic stacked kagome
noncollinear antiferromagnets Mn3Sn/Ge [48–51], which
are also antiferromagnetic Weyl semimetals. Therefore,
the mechanism that gives rise to the topological Floquet
Weyl magnons is different from that of equilibrium Weyl
magnon nodes induced by noncoplanar chiral spin struc-
ture [32].
9V. CONCLUSION AND OUTLOOK
We have shown that laser-irradiated noncollinear
stacked kagome antiferromagnets with a symmetry-
protected three-dimensional (3D) in-plane 120◦ spin
structure can be tuned to a topological Floquet Weyl
magnon semimetal. They arise when the incident light
propagates parallel to the in-plane 120◦ spin structure.
We showed that the topological Floquet Weyl magnon
semimetal in the periodically driven noncollinear stacked
kagome antiferromagnets originate from a photoinduced
canted 3D in-plane 120◦ chiral spin structure, whose in-
trinsic equilibrium form was recently observed in the
electronic noncollinear stacked kagome antiferromagnets
Mn3Sn/Ge [48–51]. We also studied the experimental
measurable photoinduced thermal Hall effect due to the
Berry curvature of the Floquet Weyl magnon nodes. We
believe that the current results are within experimental
reach and can be accessible with the current terahertz
frequency using ultrafast terahertz spectroscopy. The
current results also pave the way for manipulating the
intrinsic properties of geometrically frustrated kagome
antiferromagnets. It is believed that topological anti-
ferromagnets have potential technological applications in
spintronics [57, 58], because they have zero net spin mag-
netization which makes their magnetism externally invis-
ible and insensitive to external magnetic fields.
Most studies in Floquet topological systems custom-
arily assume that the quasienergy levels of the Floquet
Hamiltonian are close to the equilibrium system [1–5].
Therefore, the properties of equilibrium topological sys-
tems can be applied to Floquet topological systems.
However, Floquet topological systems are inherently out
of equilibrium and thus the question about the non-
equilibrium distribution function of the quasiparticles be-
comes important. In the present case, the distribution
function of magnon enters observable quantities such as
the thermal Hall effect. In the non-equilibrium system,
the distribution function of magnon will depend on how
the periodic drive is switched on [59, 60]. Therefore, the
topological properties of the non-equilibrium system will
be completely different from that of equilibrium system.
To study the non-equilibrium system, one can consider an
open system in which magnon couples to external reser-
voir of phonons. Alternatively, one can consider the dy-
namics of the system in a quantum quench when the
periodic drive is suddenly switched on. However, a com-
plete analysis of this study is beyond the purview of this
paper. We plan to address this problem in future work as
we continue to develop the study of Floquet topological
magnons.
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APPENDIX A. PHOTOINDUCED 2D
TOPOLOGICAL MAGNON INSULATOR
A. Time-independent spin model
In this appendix, we will study phases I and II in
Fig. (1). In these phases the interlayer coupling can be
neglected and thus the Hamiltonian reduces to a strictly
2D system. We will consider the 2D strained Heisenberg
antiferromagnetic spin Hamiltonian given by
H =
∑
〈ij〉
Jij ~Si · ~Sj +
∑
〈ij〉
~Dij · ~Si × ~Sj , (41)
where Jij = J on the diagonal bonds and Jij = J ′ =
Jδ on the horizontal bonds with δ 6= 1 being the strain
or lattice distortion. The DM interaction is still out-of-
plane, i.e. ~Dij = −Dz zˆ. For Dz = 0 the classical ground
state yields the strained induced canting angle
ϕ = arccos
(
−1
2
δ
)
. (42)
Note that ϕ 6= 120◦ for δ 6= 1. The limiting case δ → 0
maps to a bipartite square-lattice with collinear magnetic
order, whereas δ →∞maps to a decoupled antiferromag-
netic spin chain. The canted coplanar spin structure is
stabilized for δ > 1/2, but it also has an extensive degen-
eracy as in the case of ideal kagome Heisenberg antifer-
romagnet at δ = 1. However, the extensive degeneracy
is lifted by a finite DM interaction Dz 6= 0 and thus a
unique ground state is selected.
B. Time-dependent bosonic model
We will study the magnon excitations of the non-
collinear system for δ > 1/2 in the presence of an os-
cillating electric field propagating along the z-direction
perpendicular to the x-y plane, which is given by
~Ξ(τ) =
[
Ey sinωτ,Ex sin(ωτ + φ), 0
]
, (43)
where ~Ξ(τ) = ~E(τ)× zˆ.
Following the same procedure outlined above, we find
that the Fourier components of the Floquet bosonic BdG
Hamiltonian are given by
Hq(~k) = 2JS
(
Gdq (~k) Goq (~k)
Goq (~k) Gdq (~k)
)
. (44)
The 3×3 matrices is this case have a different form given
by
Gdq (~k) = Λ0δq,0 + Λ(1)q (~k‖), Goq (~k) = Λ(2)q (~k‖), (45)
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where
Λ0 = diag (ξAA, ξBB , ξCC) , (46)
with the parameter given by
ξAA = −2
(
cosϕ−DJ sinϕ
)
, (47)
ξBB = ξCC = −δ
(
cos 2ϕ+DJ sin 2ϕ
)
+ ξAA/2. (48)
We have used the notation DJ = Dz/J for brevity. The
Λ
(i)
q matrices are given by
Λ(i)q (
~k‖) =
1
2
(
Λ˜(i)q (
~k‖) +
[
Λ˜
(i)
−q
]∗
(~k‖)
)
, (49)
where
Λ˜(i)q (
~k‖) =
 0 aifq,AB aifq,CAaif∗q,AB 0 a˜ifq,BC
aif
∗
q,CA a˜if
∗
q,BC 0
 . (50)
The constant ai factors are given by
a1 =
1
2
(1 + cosϕ−DJ sinϕ) , (51)
a˜1 = δ
(
cos 2ϕ+ sin2 ϕ+DJ sinϕ cosϕ
)
, (52)
a2 =
1
2
(1− cosϕ+DJ sinϕ) , (53)
a˜2 = δ sin
2 ϕ−DJ sinϕ cosϕ. (54)
The f functions are given by
fq,AB = Jq(E+)eiqΨ+eik
‖
1 , (55)
fq,BC = Jq(Ex)eik
‖
2 , (56)
fq,CA = Jq(E−)e−iqΨ−eik
‖
3 , (57)
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where Jn(x) is the Bessel function of order n.
E± = 1
2
√
3E2x + E2y ± 2
√
3ExEy cos(φ), (58)
Ψ± = arctan
( √
3Ex sin(φ)
Ey ±
√
3Ex cos(φ)
)
. (59)
C. Photoinduced Floquet topological magnon
phase transition
We will now study the topological magnon phase tran-
sition associated with the 2D strained kagome antifer-
romagnets in the presence of circularly-polarized elec-
tric field. Let us first consider the undriven system.
In Fig. 6 we have shown the magnon bands of the un-
driven 2D strained kagome antiferromagnets for varying
δ. We can see that the Dirac magnon “semimetal” in
the regime 0 < δ ≤ 1 can be turned to a trivial in-
sulator for δ > 1. As shown Fig. 7, we can see that
circularly-polarized electric field induces a Floquet topo-
logical magnon phase transition across the topological
phase boundary at the isotropic point δ = 1. To in-
vestigate the complete photoinduced Floquet topological
magnon phase transition, we define the Floquet Chern
number of quasienergy magnon bands as
CFn =
1
2pi
∫
BZ
d2k Ωzxy,n(
~k). (60)
In Fig. 8 we have shown the evolution of the lowest Flo-
quet magnon Chern number as a function of δ for varying
amplitudes (a) and as a function of Ex = Ey for varying δ
(b). In both cases we have considered circularly-polarized
electric field φ = pi/2. We note that the Floquet Chern
number vanishes for linearly polarized light in the 2D sys-
tems. We can see that the lowest Floquet magnon Chern
number varies in the range CF1 = (−2,−1, 0, 1) which
indicates a photoinduced Floquet topological magnon
phase transition in the driven 2D strained kagome an-
tiferromagnets.
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